In the preceding paper (Cohn and Stewart, 1928) we have described the effect of digitalis on the cardiac output, cardiac size and cardiac contraction of normal dogs. The cardiac output that obtains in a given dog at a given instant we found is the net result of the working of two distinct, in a sense, opposing actions: first, cardiac size is decreased, and so tends to decrease cardiac output; and second, ventricular contraction is increased, and so tends to increase it. Next, we desired to learn again in dogs whether the same net results are characteristic of the behavior of abnormal, enlarged hearts. We soon found that in the absence of heart failure, no significant difference between the two is to be detected; but we are still without information on the situation in which this added defect of heart failure exists.
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For several years we have been concerned with finding a method which would establish a state in dogs comparable to heart failure in man. One of the methods has consisted in the attempt to bring about this state by rendering the mitral valve insufficient. We have for this reason in our possession a number of dogs in which defects of the mitral valve have been made by operation and in which enlarged hearts have in consequence developed. They show no signs however of heart failure. To these dogs we have given digitalis just as to the normal dogs. Estimations of cardiac output, as well as x-ray photographs of cardiac size and of ventricular excursions have been made, just as in the case of the normal dogs.
MATERIAL
The dogs which were studied were operated on 2' to 4-h years ago. Evidence of the lesions which were then created were still present at the time of these experiments (table 1). Complete data concerning the operations in these animals will be published later (Stewart) . A brief description only of the method used in operating on the valves need be given. Under ether and under aseptic conditions the left auricular appendage was exposed and incised. A cardioscope' was then inserted through this opening and placed so that the leaflets of the mitral valve were brought into view. The leaflet could then be cut under direct vision. Development of a marked systolic thrill was
The cardioscope which we used was designed with the assistance of Mr. R. Wappler, and was made for us by the Wappler Electric Companv, Long Island City, New York. The idea of cutting the valves of the heart under direct vision was suggested to us by the preliminary report of Allen and Graham (1922) . As complete data for the construction of their instrument was not available at the time, we devised this new instrument. The optical system is-similar to. that used in cystoscopes. We are much indebted to Doctors Graham and Allen for valuable aid in leaming their methods and desire to express our thanks to them for their courtesy.
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regarded as evidence that the operation had succeeded. The dogs completely recovered within 10 days to two weeks. The hearts began to increase in size after varying intervals of time. A loud systolic murmur persisted in each of the dogs. The dogs studied for the present purpose were in good health. Through preliminary training they were accustomed io laboratory procedures and were not disturbed by them.
METHODS
The technique of the experiments was, except for slight details, identical with that reported in the preceding paper. The cardiac output was estimated according to the principle of Fick (1870) (Cohn and Stewart, 1928) . Arterial blood was drawn from a femoral artery. In some of the dogs the right external jugular vein had been punctured so often for inserting a cannula into the right ventricle to obtain samples of mixed venous blood (Stewart, 1925 ) that it was no longer possible to locate the vessel. Contrary to expectation, we were surprised to find that the left external jugular vein could be used for this purpose with equal, perhaps with greater, facility. Either the left external jugular vein itself or one of its branches could be made to serve. This observation extends the usefulness of this method of obtaining samples of mixed venous blood. The veins as usual were isolated with sterile precautions under novocain anesthesia. Adequate asepsis could be maintained by very simple measures.
As in studying normal dogs, the ventricular excursions were recorded by the method of moving x-ray films. The size of the heart was measured in stationary x-ray photographs taken just before securing the moving x-ray films. The observations were made in the following order: first, the x-ray photographs, second, estimations of the cardiac output and last, electrocardiograms.
Tincture of digitalis (Upsher Smith) equivalent to 25 to 30 per cent of the calculated lethal dose was injected intravenously as in the case of the normal dogs. In two experiments the dogs moved during injection so that part of the dose was given subcutaneously (table 2, dogs 90 and 161). The results in these two do not differ from those in which the whole dose was given intravenously. In two instances digifoline (Ciba) was given. Of this preparation 0.5 cc. was injected intravenously per kilogram of body weight. 3.5 4.0 2.3 &The x-ray photographs from which these measurements were made were taken at a distance of 2 meters; thers at a.distance of 34 inches.
41.0 cc. of this was given subcutaneously.
2.6 cc. of this was given subcutaneously. fig. 2 ). Tincture of digitalis 2.0 cc. was injected intravenously and 1.0 cc. subcutaneously. The output fell 3 hours afterward to 1395 cc. and 24 hours later still further to 488 cc. The dog died shortly after this estimation of cardiac output.
Summary. In 5 dogs the subjects of artificially enlarged hearts and in a sixth in which there was no enlargement, the administration of digitalis in doses believed to be therapeutic was followed by decreases in cardiac output ranging from 32.8 to 86 per cent (table 2, figs. 1 and 2).
The maximum decrease having been reached in 2 to 24 hours, the cardiac output gradually returned toward normal. In three the experiments were repeated approximately 10 months after the first ones and on these occasions also, the cardiac output decreased.
The action of digitalis on the other measurements (size and excursion, and electrocardiogram) which were, made may be summarized very briefly. fig. 2 ). The greatest decrease detected occurred sometimes at 21 hours and at other times 24 hours after the injection of digitalis and varied in extent between 11 and 29 per cent. Decrease was followed by increase in size as the effect of digitalis diminished.
Effect of digitalis on ventricular contraction of enlarged hearts. On
March 29, 1928 in dog 162 the left ventricular excursion was 2.1 mm. at the level of the 6th rib (table 2, figs. 1 and 4). Digitalis was then given. The left ventricular excursion 3 hours later was 3.7 mm. At the end of the first day it was 3.8 mm., and at the end of the fourth, it was 3.4 mm. The right ventricular excursion increased from 3.6 mm. to a maximum of 7.3 mm. The maximum increase of the left ventricular excursion was accordingly 181 per cent and of the right 200 per cent. As the effect of digitalis wore off the excursions became small.
There are observations like these in 3 other dogs (table 2, Eflect of digitalis on rate, conduction time and on the form of the electrocardiogram. Changes in the form of the T-wave were constantly found following the administration of digitalis (tables 2 and 3). The ventricular rate was sometimes increased, sometimes decreased and at other times unchanged. The conduction time was increased in 3 (Cohn and Stewart, 1928) . Below each photograph are placed tracings of the original films which show the excursions made by the right and left ventricles respectively. When these photographs were taken the time marker was not working properly. The film was moving however, at a constant speed. The photographs are reduced to one-fourth of their natural size. 
DISCUSSION
In the light of these experiments it appears that the effect of giving digitalis results just as was the case in normal dogs in decreasing the cardiac output and the size of the heart and in increasing the height of ventricular excursions in dogs in which the hearts are enlarged but in which the signs of heart failure have not developed. Whether enlargement was due to dilatation or to hypertrophy or to both we do not know, for most of the animals are still alive. There can be no doubt however that at the time of observation they were in a state of compensation, for they ran on a treadmill as long and with as great ease as did normal dogs.
As in normal dogs, giving digitalis increased the tone of heart muscle, an effect which is reflected in the decreased size of the heart. The cardiac output was in consequence also decreased. Again as in normal dogs contraction increased, the result of which tended to increase cardiac output. And finally, the effect on cardiac output which depends upon the net result of the interaction of these two functions varied. For the first 24 hours the effect on tone overbalanced that on contraction so that cardiac output was uniformly decreased. But when the action of digitalis began to diminish, the rate at which it did so, differed in the various functions, so that the effect on contraction measured in terms of the height of the ventricular excursions exceeded the effect on tone, estimated in terms of the size of the heart, or persisted long after the effect upon it (tone) began to diminish. In such instances, the cardiac output returned to normal or overshot this mark, due to the increased extent of ventricular excursion, even though the heart sometimes continued to be smaller than it had been in the beginning (dog 162, (table 2 and fig. 1 ).
There is a definite though no absolute correlation between cardiac size and cardiac output based on experience gained under the conditions of these experiments. If cent of the original value, it becomes clear that, as the area of.the heart decreases the volume output also decreases. There may be fluctuations, but the uniform tendency downward of the two curves is unmistakable. The curve of cardiac output decreases more rapidly than does that of the area of the heart, but this absence of parallelism depends on the fact that cardiac output is a cubic, while the heart area is a square measurement. It is obvious from a study of this figure that cardiac size is not the only factor involved. The high peaks require explanation. Clearly they interfere with the simple correlation of the two curves. We believe we are correct in referring the irregularities to the influence of ventricular contraction. Where the peaks occur, increase in the height of excursion was great enough to effect cardiac output; increase in excursion then overbalanced decrease in size and permitted an excess in output beyond that which would have been anticipated from the slope of the curve. All of this, as well as the origin of the blood responsible for the unlooked for results are discussed also in the preceding paper.
Two dogs (dogs 90 and 171, table 2) died following the administration of digitalis. The cardiac size was decreased in them as much as 25 per cent below the original measurement and the cardiac output 73 and 86 per cent respectively. Whether death was due to the inability of the small heart to pump enough blood to maintain life, or whether it was due to a toxic effect on the heart muscle we do not know. Paroxysmal ventricular tachycardia occurred in dog 90, but the normal rhythm continued to be present in dog 171 (table 2) .
The changes in the electrocardiograms were on the whole more pronounced in these dogs than in the normal ones. An effect was found constantly in form of the T-waves (tables 2 and 3). Auriculoventricular conduction time increased in 3 dogs (dogs 155, 158 and 162) and on each of the 3 occasions on which digitalis was given to dog 158 (table 3) . Abnormal rhythms (paroxysmal ventricular tachycardia, auricular fibrillation and incomplete heart block) as well as ectopic beats of auricular and ventricular origin were encountered. They were found perhaps more frequently in this group than in the normal dogs. That abnormal mechanisms are expected when digitalis is prescribed in large hearts oftener and rather than in normal ones is a consequence of clinical experience. But The case is reported since the dog had been subjected to the same operation as had the other dogs and serves as a control. It is important to decide for future guidance whether the presence of a murmur may be a certain sign of the presence of a lesion A report will be made later in connection with the study of the effect of artificial mitral insufficiency in dogs. Three dogs (dogs 158, 161 and 162) were studied in May 1927 and again in March, 1928. In two (dogs 158 and 162) the oxygen consumption per minute, that is to say, the basal metabolism, remained remarkably constant (table 4). In the third dog (dog 161) the oxygen consumption was considerably less in 1928 than it had been. The estimates at both times are probably correct, for the dog lay quietly during the examinations; he was trained for sometime before each experiment; many measurements were made, all in substantial agreement, both in May, 1927, and again in March, 1928 . The weight of the dog over this period of 10 months remained practically constant.
We can suggest no explanation for this phenomenon.
We have shown then that enlarged hearts in dogs without heart failure respond to digitalis in the same manner as the hearts of normal dogs. This is the result one should expect. The question naturally arises whether these observations throw light on the way digitalis acts in heart failure in human disease. As is well known an effect of digitalis upon the size of the heart under these circumstances is not frequently demoinstrable immediately after administration of the drug. After prolonged treatment the effect is often different; a decrease in size is frequently seen. With large doses, in normal cases, the effect on cardiac output comes on soon as Burwell, Neighbors and Regen (1927) showed. Though the heart does not become smaller, an influence on its size may nevertheless be demonstrated, as was shown by Levy (1923) in the case of lobar pneumonia. In this disease enlargement of the heart did not take place, or at least tended to occur less frequently if this drug was given. We have ourselves shown that in patients increase in ventricular excursions may take place after digitalis administration (Cohn and Stewart, 1924) , even though no demonstrable change in the size of the heart can be seen in x-ray photographs. If there is increase in contraction and no decrease in size of the heart the experiments which are now reported permit the inference that cardiac output increases. This may be the situation in heart failure in man, but of this there is no direct evidence. Should the mechanism of heart failure involve decrease in the volume output, as has until recently been generally believed to be the case, point would be given to what Starling (1918) described as the law of the heart. Starling believed, and showed in experiments, that when heart muscle fibers increased beyond a certain optimal length, decrease in output from the heart resulted. If the optimal, or a somewhat shorter length, were restored, output from the ventricles mounted. Heart failure may be a condition in which the fibers are longer than optimal; were digitalis able to restore them to a proper length, the requirement of the situation would be met. We have no information that contributes to an elucidation of this problem, but these considerations may explain why in the absence of heart failure, that is to say of edema, the results in our dogs so far as alterations in volume output are concerned are without specific value. The condition in them is simply not that of heart failure; they cannot be expected therefore to illustrate the mechanism which obtains in that condition.
SUMMARY
We have studied the effect of digitalis upon the cardiac output, cardiac size and ventricular contraction of dogs with enlarged hearts, but without signs of heart failure. We have found in them, as in normal dogs, that:
1. The size of the heart is decreased. 2. The extent of ventricular contractions is increased.
3. The cardiac output which results is the net result of the effect of digitalis on the two underlying actions. Early, the effect on cardiac size predominates, so that the cardiac output diminishes. Later the effect on ventricular contraction may predominate, so that cardiac output reaches its original normal volume or even overshoots it, at a time when the size of the heart is still relatively small. The bearing of these observations upon the effect of digitalis in heart failure has been discussed.
CONCLUSIONS
The effect of digitalis on the hearts of dogs, whether normal in size or whether enlarged is the same. Caution attaches however to the use of the word enlarged; enlargement is not a simple matter. It still is necessary to learn whether enlargement resulting from mechanical embarrassment requires differentiation from enlargement due to underlying disease in which edema is a conspicuous phenomenon. 
